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Abstract 
Little is known about the neuropsychological factors that contribute to individual 
differences in the asymmetric orientation along the mental number line. The present study 
documents healthy subjects' preference for small numbers over large numbers in a random 
number generation task. This preference, referred to as "small number bias" (SNB), varied 
with prefrontal functional lateralization: it was larger in participants with over-proportionately 
better performance in design fluency compared to letter fluency than in participants with over-
proportionately better performance in letter fluency when compared to design fluency. 
Asymmetries in learning and memory tasks (verbal vs. non-verbal) were not related to 
direction or size of the SNB. We conclude that hemispheric asymmetries of specifically 
prefrontal executive functions are predictive of an individual's lateral orientation bias along 
the mental number line. Therefore, the focus on parietal contributions to spatial-numerical 
associations may not be justified. Random number generation may be a helpful method to 
further explore these associations uncontaminated by the asymmetric involvement of response 
effectors. 
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1. Introduction 
In a seminal paper, Dehaene et al. (1993) described a surprising relationship between 
numbers and space. In a parity decision paradigm with unimanual responses, low numbers 
(e.g.. 1 or 2) of a given range were faster classified with the left hand, whereas larger numbers 
(e.g., 8 or 9) were consistently faster responded to with the right hand. This phenomenon is 
referred to as the Spatial Numerical Association of Response Codes (SNARC) effect and 
provides support for the notion that numbers are cognitively represented along a spatially 
oriented “mental number line” [for a recent meta-analytic review of the SNARC literature see 
Wood et al. (2008)]. The brain mechanisms of SNARC are still not fully understood. One of 
the experiments in Dehaene et al.’s (1993) original study found that, when subjects had their 
hands crossed during responding, there was still a right (left) side advantage to large (small) 
numbers. This finding suggested that the SNARC effect did not reflect a hemispheric 
specialization for small or large numbers per se, but a more abstract stimulus-response 
compatibility effect in the representation of number magnitude. However, the study by Wood 
et al. (2006) did not report evidence of a SNARC with crossed hands. These conflicting 
findings might result from the fact that Wood et al.’s subjects had already performed on a 
SNARC paradigm without their hands crossed before they repeated the experiment with their 
hands crossed. Under these circumstances, the hands-crossed condition revealed no SNARC 
effect, suggesting that hand-based associations may well play a role in number-hemispace, 
and thus number-hemisphere associations. Against this background and in the light of recent 
findings pertaining to the cortical involvement in number processing (Wood & Fischer, 2008), 
it may be worth revisiting the issue of functional hemispheric asymmetries in the emergence 
of an asymmetric exploration of number space.  
According to the influential triple-code model of number representation, number 
concepts are represented bilaterally in the parietal lobes (Dehaene, 1997), and bilateral 
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parietal cortex probably plays a crucial role in numerical cognition (Hubbard, Piazza, Pinel, & 
Dehaene, 2005). Support for this view comes from several studies. For example, addition and 
subtraction operations are linked to neural circuits in the bilateral posterior parietal lobules 
that also represent right- and left-directed eye movements (Knops, Thirion, Hubbard, Michel, 
& Dehaene, 2009). Arithmetic operations can thus be likened to movements, both of the eyes 
and of the attentional focus, along the mental number line (Loetscher, Bockisch, Nicholls, & 
Brugger, 2010; Pinhas & Fischer, 2008). Moreover, patients suffering from left spatial neglect 
can misplace the midpoint of a numerical intervals to the right of the real midpoint (Zorzi, 
Priftis, & Umilta, 2002; Zorzi et al., 2006). The impression that these patients ignore the left 
sides of both their physical and their mental space has lent further support to the view that 
numbers are obligatorily projected onto space through some process relying on parietal 
cortex.  
Compared to parietal contributions, frontal cortical contributions to numerical 
cognition have been somewhat overlooked, although several recent studies suggest that they 
may be especially important. For example, Doricchi et al. (2005) pointed out that neglect in 
physical and mental space can be dissociated and that numerical biases were associated with 
specifically prefrontal damage. Furthermore, single cell recordings in non-human primates 
show more number-specific neural activity in frontal areas compared to parietal areas 
(Bongard & Nieder, 2010; Nieder, 2009). Moreover, children comparing numerical values 
invoke the same network of brain regions as adults do, including frontal, parietal, and 
occipital areas. However, during numerical tasks, they recruit inferior frontal cortex to a much 
greater degree than adults do (Cantlon et al., 2009; Kaufmann et al., 2006). Finally, random 
number generation (RNG) relies on dorsolateral prefrontal cortex functions (Gottselig et al., 
2006; Jahanshahi, Dirnberger, Fuller, & Frith, 2000). Several neuroimaging studies showed 
that frontal and parietal cortex, as well as subcortical areas are involved in RNG tasks 
(Daniels, Witt, Wolff, Jansen, & Deuschl, 2003; Itagaki, Niwa, Itoh, & Momose, 1995). More 
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recently, the method of RNG was proposed as a possible method for the investigation of 
asymmetries in number space (Loetscher & Brugger, 2007). 
In the present study we wish to document prefrontal cortex contributions to numerical 
cognition. Specifically, we propose that healthy adults' cognitive lateralization profile predicts 
individual differences in attending to the left or right side of the mental number line. From 
experiments in RNG it is known that the frequency of small numbers exceeds that of large 
numbers (Dehaene, 1997; Loetscher & Brugger, 2007). The causes for this "small-number 
bias" (SNB) are unclear, yet several possible explanations are conceivable. For example, 
small numbers may simply be overrepresented because they are learned earlier in life 
(Dehaene, 1997), or because they are more frequently used (Dehaene & Mehler, 1992). 
Alternatively, the concept of “pseudoneglect in number space” (Göbel, Calabria, Farne, & 
Rossetti, 2006; Oliveri et al., 2004) explains the SNB via spatial-attentional processes. Thus, 
SNB could be a consequence of a cerebral hemispheric imbalance in favour of right-
hemisphere spatial-attentional functions. Support for the latter account of SNB comes from 
experiments during which human subjects were required to turn their head laterally while 
generating numbers "at random" (Loetscher, Schwarz, Schubiger, & Brugger, 2008). 
Compared to a baseline condition (facing straight ahead), significantly more small numbers 
were generated when facing left, and more large numbers when facing right. In another 
experiment, the size of the SNB in RNG depended on the activation of left or right 
hemispheric processes in a dual task. Specifically, SNB was diminished when subjects were 
simultaneously engaged in a letter fluency task, but significantly enhanced, when subjects 
generated random numbers while performing on a concurrent design fluency task (Loetscher 
& Brugger, 2007). Together, these findings suggest that directing one's attention along the 
number line can be manipulated by the same variables that reportedly shift one's attention in 
physical space. In particular, as illustrated by the dual-task RNG results of Loetscher and 
Brugger (2007), activation of left hemisphere prefrontal cortex functions appears to draw 
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one’s attention towards larger numbers, whereas activation of right anterior cortical regions is 
accompanied by an exaggerated SNB.  
While these previous findings reflect experimentally induced, state-dependent shifts of 
hemispatial attention, the present experiment aimed at investigating trait-like asymmetries in 
the magnitude of a person’s orientation in number space. By “state” we refer to a person’s 
momentary orientation bias (determined, e.g., by the nature of the task, test conditions etc.). 
By “trait” we refer to an individual’s inclination, over and above any state variables, to orient 
more to the left than to the right side, or to have more verbal compared to nonverbal abilities. 
We required healthy right-handers to perform a RNG task and predicted that individual SNB 
would be associated with performance in two fluency tasks, one relying predominantly on 
right prefrontal functions (design fluency) and the other on left-hemisphere prefrontal 
functions (letter fluency). Our hypothesis was that a more pronounced SNB (corresponding to 
a marked pseudoneglect along the number line) would be linked to an individual's superiority 
for right-hemisphere mediated design fluency relative to left-hemisphere-mediated letter 
fluency. To control for asymmetric contributions of learning and recall to SNB (arguably 
reflecting more temporal lobe than prefrontal mediation), verbal and non-verbal learning and 
memory tests were performed. 
 
2. Methods 
2.1. Participants 
A total of 209 healthy adults (102 women, 107 men), aged between 18 and 40 years 
(mean age ± S.D.: 25.2 ± 5.3 years) with no history of psychiatric or neurological disorders 
participated in the study. All participants were right-handed according to a 13-item inventory 
(Chapman & Chapman, 1987). They had recently completed or were still engaged in their 
education. The native language of all participants was German. Testing was performed 
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according to the ethical standards of the Declaration of Helsinki. All participants provided 
written informed consent prior to the experiment.  
2.2. Tasks 
Random number generation (RNG): We used the Mental Dice Task that requires the 
oral production of the digits from 1 to 6 in a sequence “as random as possible” (Loetscher & 
Brugger, 2007). This task is intuitive and easy to comply with for naïve healthy participants as 
well as for most patients. Number generation was paced by a 1 Hz metronome, and a total of 
66 random numbers were produced.  
Letter fluency: During three minutes, participants named as many words as possible 
beginning with the letter “S”. Proper names, variations and repetitions were not allowed. This 
task taps left hemisphere prefrontal executive functions (Perret, 1974; Ravnkilde, Videbech, 
Rosenberg, Gjedde, & Gade, 2002). 
Design fluency: During three minutes, participants drew as many straight-line 
connections as possible among sets of five dots each. The response sheet contained 40 dot 
matrices, identical to the five-dot arrangement on a dice. Pattern repetitions were not allowed. 
Originally developed by Regard et al. (1982), this task taps right hemisphere frontal executive 
functions (Baldo, Shimamura, Delis, Kramer, & Kaplan, 2001; Lezak, 1983; Ruff, Allen, 
Farrow, Niemann, & Wylie, 1994). 
Verbal and non-verbal learning and memory: To control for asymmetric contributions 
of learning and memory to the SNB in RNG, corresponding tests were performed. Verbal and 
non-verbal abilities were assessed by the Rey Auditory Verbal Learning Task (RAVLT) and 
the Rey Visual Design Learning Test (RVDLT). Specifically, subjects completed on both 
tasks five learning trials, one immediate recall trial and one delayed  recall trial (1 hour after 
immediate recall) (Foster, Drago, & Harrison, 2009). Learning and memory reflect temporal 
lobe functioning to a more pronounced degree that do fluency tasks. 
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2.3. Data analysis 
To control for response stereotypy, a measure of zero-order redundancy and a RNG-
index reflecting redundancy on the level of pair frequencies were calculated for each 
participant’s number sequence (Towse & Neil, 1998). SNB in RNG was calculated as the 
difference between the total occurrence of small numbers (1, 2, 3) and the total occurrence of 
large numbers (4, 5, 6). Positive values reflect a bias to name more small numbers than large 
numbers (Loetscher & Brugger, 2007).  
To obtain a measure of relative proficiency of left and right frontal functioning, we 
computed for each participant the difference in the number of items produced in the design 
fluency task minus the number of items produced in the letter fluency task and divided this 
difference by the sum of produced items. This fluency index ranged from -0.28 to +0.57, with 
a median value of 0.11. A median split resulted in 104 participants (44 women; 60 men) with 
relatively better performance on the design fluency task (=DESIGN fluency group, 
henceforth) and 105 participants (58 women, 47 men) with relatively better performance on 
the letter fluency task (=LETTER fluency group)1. 
To receive a measure of the relative ability of left to learn and remember, respectively, 
verbal and nonverbal information, we calculated for each participant three performance 
indices by computing the difference between RVDLT and RAVLT for learning, immediate 
recall and late recall and divided these differences by the sum of produced items. These 
indices reflect relative superiority in the verbal or non-verbal domains. We then calculated 
median split values for these three performance indices. The index for the learning 
performance ranged from -0.47 to +0.26, with a median value of 0.00. The index for 
immediate recall performance ranged from –0.41 to +0.33, with a median value of 0.03. 
Finally, the index for delayed recall performance ranged from –0.41 to +0.33, with a median 
                                                          
1  Four subjects showed a value of 0.11. They were included in the LETTER fluency group in 
order to have a most comparable number of participants in both groups 
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value of 0.03. Each index resulted in two median-split groups (relatively higher scores 
compared to relatively lower scores in the particular tasks) that were compared with respect to 
the magnitude of SNB. For the index of learning performance 100 subjects (45 women; 55 
men) were compared to 109 subjects (58 women; 51 men), for the index of immediate recall 
performance 109 subjects (47 women; 62 men) were compared to 100 subjects (56 women; 
44 men) and for the index of delayed recall performance 114 subjects (50 women; 64 men) 
were compared to 95 (53 women; 42 men) subjects, respectively.  
2.4. Statistics 
All statistical analyses were performed using SAS 9.1.3 software (SAS Institute, Cary, 
NC). The significance level was set at  < 0.05. To assess potential group differences in 
stereotypy on the RNG task and to control for gender differences in the SNB, fluency index, 
design fluency index and letter fluency index, we performed two-tailed, unpaired t-tests. The 
overall SNB score was tested against zero with a dependent one-sample t-test. To calculate 
group differences on SNB between the DESIGN fluency group and LETTER fluency group, 
an analysis of covariance (ANCOVA) was conducted with “age” and “years of education” as 
covariates. Furthermore, a Pearson’s product-moment correlation coefficient was calculated 
between SNB and fluency index. Analogous two-tailed, unpaired t-tests were calculated for 
the control tasks that is, for the median-split groups based on the performance differences in 
RAVLT and RVDLT.  
 
3. Results 
Analysis of response stereotypy revealed no differences between the DESIGN fluency 
group and LETTER fluency group with respect to redundancy (t(207) = 1.4, p > 0.1) and 
RNG index (t(207) = -1.0, p > 0.3), respectively.  
There was no difference between women and men in SNB (t(208) = 1.6, p > 0.1), in 
the fluency index (t(208) = 1.2, p > 0.2), in the design fluency test (t(208) = 0.2, p > 0.8) and 
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in the letter fluency test (t(208) = 1.5, p > 0.1). Furthermore, despite the fact that, numerically, 
there were more women (58) than men (47) in the LETTER fluency group and more men (60) 
than women (44) in the DESIGN fluency group, the corresponding Chi-square analysis was 
not significant (Chi-Square = 3.00, p = 0.083). 
As expected, the overall SNB was significantly different from zero, t(208) = 3.4, p < 
0.001. More specifically, numbers 1 to 3 were named on average 33.7. ± 0.2 times, whereas 
numbers 4 to 6 were named on average only 32.3 ± 0.2 times (Fig. 1). Note that if a real die 
were rolled 66 times, the expected frequency of each number would be 11, with small (1, 2, 3) 
and large (4, 5, 6) occurring with a frequency of 33.  
 
----------------------------- Insert Figure 1 about here ----------------------------------- 
 
The ANCOVA revealed a main effect of fluency group (F(1, 205) = 4.5 p < 0.035). 
Thus, participants of the DESIGN fluency group (better performance in design fluency 
compared to letter fluency) named 34.0  0.3 small numbers, whereas participants of the 
LETTER fluency group (relatively better letter fluency) named 33.2  0.2 small numbers 
(Fig. 2). By contrast, the covariates age (F(1, 205) = 3.1, p > 0.07) and years of education 
(F(1, 205) = 0.0, p > 0.86) had no significant influence. For the group as a whole, individual 
SNB in RNG correlated with the fluency index (r=0.2, p < 0.01), suggesting a small (Cohen’s 
d = 0.33) but significant association between SNB and a relative right hemisphere superiority. 
 
----------------------------- Insert Figure 2 about here ----------------------------------- 
 
Analyses of the control indices of mnestic functioning revealed no systematic 
association with SNB. Thus, SNB did not differ between median-split groups based on 
performance indices in learning, immediate or late recall on RAVLT and RVDLT (t(207) < 
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1.4, p > 0.1). Likewise, correlations between SNB and the different indices were not 
significant (0 < r < 0.04, p > 0.6).  
 
4. Discussion 
While generating the digits from 1 to 6 "at random" (a RNG task), healthy right-
handed subjects produced more small (1, 2, and 3) than large (4, 5, and 6) numbers. This 
finding confirms the robustness of a "small number bias" (SNB) in RNG tasks with different 
sampling ranges (Brugger, Schubiger, & Loetscher, in press; Loetscher & Brugger, 2007), as 
well as in number guessing experiments (Ertel, 2005). Using a large sample size helped us to 
document a relatively small (Cohen’s d = 0.33), but systematic difference in this pervasive 
bias between subjects differing in the lateralization of prefrontal functions as a trait. 
What is the nature of this SNB? Different causes were proposed, and these fall largely 
into two classes, non-spatial and spatial explanations. Let us first consider the non-spatial 
accounts of SNB. One such account is the suggestion that small numbers are preferred over 
larger numbers because they are learned earlier in life and may therefore be more saliently 
represented in memory, and more readily available during random number retrieval (Dehaene, 
1997). Acquisition of the counting sequence begins with the smallest numbers at around age 
three and proceeds until about age seven when children understand “how to count principles” 
(Gelman & Gallistel, 1978) and can construct infinitely large numbers. Another non-spatial 
account points out the fact that, in multi-digit numbers taken from any source of 
measurement, the frequency of the leading digit decreases with increasing magnitude. For 
example, by crushing blocks of a certain mineral, Kreiner (2003) found that the leading digit 
in the weights (in g) of more than 11,000 resulting pieces decreased steadily from 1 to 9, with 
respective occurrences of 5312, 2303, 1345, 908, 614, 426, 355, 286, 234. This so-called 
Benford-Newcomb law (Benford, 1938; Newcomb, 1881) was recently discussed as a 
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potential source of SNB in man-made number strings [data fabrication: Diekmann (2007); 
numerical guessing: Burns (2009)]. It arguably reflects the ability of human subjects to pick 
up statistical regularities in numerical measurement and to structure their own numerical 
output accordingly when asked to produce number strings. In connection with the SNARC 
effect, the Benfod-Newcomb law was previously mentioned by Fischer et al. (2010). 
In contrast to these non-spatial accounts of SNB, the notion of an asymmetric 
availability of points on the mental number line predicts that small numbers benefit from an 
attentional advantage over larger numbers. This advantage is proposed to be equivalent to the 
one enjoyed by left-sided items in a horizontal arrangement of visually or haptically presented 
stimuli [Bradshaw, Nathan, Nettleton, Wilson, & Pierson (1987): rod centering] and referred 
to, alternatively, as "initial exploration asymmetry" (Ebersbach et al., 1996; Hättig, 1992), 
"left-side underestimation" (Bradshaw, Nettleton, Nathan, & Wilson, 1983), "right 
hemispatial inattention" (Weintraub & Mesulam, 1988) or "pseudoneglect" (Bowers & 
Heilman, 1980). Pseudoneglect along the mental number line was originally demonstrated in 
the bisection of numerical intervals (Oliveri et al., 2004). Its magnitude is sometimes 
influenced by the same factors that also determine the magnitude of attentional asymmetries 
in physical space (Longo & Lourenco, 2007), but Doricchi et al. did not find a relationship 
between visual and number line bisection (Doricchi et al., 2009). The preferred evocation of 
small numbers in RNG was recently proposed to be a manifestation of pseudoneglect 
(Loetscher & Brugger, 2007). In a series of experiments, these authors showed that individual 
differences in pseudoneglect in spatial tasks were reflected in corresponding differences in the 
magnitude of the SNB in RNG. For instance, those subjects judging the emotional expression 
of happy/sad chimeric faces predominantly according to the left-sided expression also 
produced over-proportionately many small numbers in the Mental Dice Task (randomizing 
the digits from one to six). The predominant judgement of left- or right-sided emotional 
expression is a stable individual characteristic (Yovel, Tambini, & Brandman, 2008). In 
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another experiment, the magnitude of SNB in a RNG task was decreased by a simultaneous 
verbal fluency task, but increased during the concurrent generation of drawings (Loetscher & 
Brugger, 2007). While in that experiment verbal and design fluency were used as state 
variables of differential hemispheric arousal, the present study investigated a relative 
preference for one of these two fluency tasks as a trait, in the sense described in our 
Introduction. To this end, participants performed the Mental Dice Task, a letter fluency task 
and a design fluency tasks. Corroborating previous work with these two fluency tasks 
(Brugger, Monsch, & Johnson, 1996), we found that subjects generated more figures than 
words, perhaps indicating that the design fluency task may have been easier than the letter 
fluency task. The fluency index we used, however, provided a measure of functional 
asymmetry uncontaminated by task difficulty. Interestingly, task performance was 
independent of gender and the frequency distribution of women and men within the two 
fluency groups was balanced. Therefore, our findings are not confounded by gender. As 
predicted, we found that those subjects, who showed an above-average advantage for design 
fluency over letter fluency, also exhibited significantly more pronounced SNB in the Mental 
Dice Task. This finding indicates that trait-like behavioral asymmetries over prefrontal sites 
may co-determine the strength of healthy subjects’ orientation along the mental number line 
and thus predict the magnitude of pseudoneglect. Because our age span of participating 
subjects was quite large (18-40 years) and subjects were recruited with different educational 
backgrounds we performed a covariance analysis with these two factors. While education 
proved unrelated to direction and magnitude of SNB, older subjects showed a tendency 
towards a higher SNB. This tendency is in line with the prediction of an increase in the 
SNARC with increasing age due to decreased inhibitory control (Wood, Nuerk, Willmes, & 
Fischer, 2008). Asymmetries in mnestic functions (learning and recall, less mediated by 
frontal cortex compared to fluency) were entirely unrelated to the preference for small 
numbers.  
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The present result is also in line with the observation that, in hemispatial neglect, 
specifically right frontal lesions are accompanied by a neglect for small numbers (Doricchi, 
Guariglia, Gasparini, & Tomaiuolo, 2005). Moreover, it may explain why, using the Mental 
Dice Task, we had been unable to demonstrate a large-number bias in a population of neglect 
patients (Loetscher & Brugger, 2009). In that study, a majority of patients had cortical lesions 
either confined to the parietal lobes or at parieto-frontal sites of the right hemisphere; only a 
small minority had left-sided neglect after fronto-temporal or even exclusively frontal (n=1) 
lesions (Loetscher & Brugger, 2009). However, the fact that transcranial magnetic stimulation 
(TMS) over the right parietal cortex can simulate neglect-like biases in the numerical 
midpoint estimates of healthy subjects (Göbel, Calabria, Farne, & Rossetti, 2006) indicates 
that the importance of frontal asymmetries may be limited to numerical tasks with implicit 
spatial components. Unlike the midpoint estimation of number intervals, RNG does not 
require direct access and exploration of the mental number line. Dissociations between 
explicit and implicit measures of asymmetries in number space have previously been noted 
(Loetscher & Brugger, 2009; Priftis, Zorzi, Meneghello, Marenzi, & Umilta, 2006). They also 
matter in SNARC paradigms, where dual task experiments revealed a disruption of space-
number interactions by verbal load during parity decisions (i.e. an implicit evocation of spatial 
codes), but a similar disruption by spatial load during magnitude decisions [i.e. when a more 
explicit use of spatial codes is required: van Dijck, Gevers, & Fias (2009)]. However, the 
response requirements of a standard SNARC paradigm do not allow disentangling 
interference effects on the level of stimulus processing from those on the level of lateralized 
response execution. Future research should study hemisphere-specific interference effects in 
manual response paradigms as well as in tasks requiring verbal responses. In both settings, 
implicit ways of using magnitude information should be distinguished from explicit ways. 
Furthermore, trait and state variables of hemispheric asymmetry should be considered to 
foster our current understanding of the role of left and right hemispheres for the emergence of 
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asymmetries in number space. Finally, as pointed out by a reviewer, a potential influence of 
handedness on asymmetries in number space could be investigated. Although absent in the 
SNARC paradigm (Dehaene, Bossini, & Giraux, 1993), marked interactions between 
handedness and hemispatial processing were recently described (Casasanto, 2009). 
In summary, the present study documents individual differences in the extent of 
healthy subjects' preference for small numbers over large numbers. These differences are 
associated with hemispheric differences in specifically prefrontal executive functions. We 
conjecture that, in addition to the role of the parietal lobes, prefrontal cortex contributions to 
asymmetries in number space should be considered in future research. Finally, random 
number generation may provide a means to overcome the asymmetric involvement of 
response effectors in existing methods for the assessment of associations between numbers 
and space.  
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Figure Legends: 
Fig. 1. Mean frequencies of the single digits (± standard errors of the mean) in the Mental 
Dice Task (generation of 66 random numbers). The horizontal line shows the expected 
frequency (=11) for a real die, rolled 66 times. Asterisks indicate significant differences 
between observed and expected frequencies (** p < 0.001, * p < 0.01, one sample t-test). 
Gray bars: subjects (n=107) with a small number bias (SNB) larger than the median value of 0 
for the entire population (n=209). White bars: subjects with a smaller-than-median SNB 
(n=102). 
 
Fig. 2. Small number bias (SNB; difference between the total occurrence of numbers 1,2, and 
3 and the total occurrence of numbers 4,5 and 6 in the Mental Dice Task) in the participant 
groups with relatively better design fluency than letter fluency (DESIGN fluency group, 
n=104) and that with relatively better letter fluency than design fluency (LETTER fluency 
group, n=105). Superiority in design fluency (mediated by right prefrontal cortex) is 
associated with larger SNB (p < 0.04). Error bars represent standard errors of the mean. 
 
 
